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(57) ABSTRACT

A control valve for regulating flow of fluids has an actuator
located 1n a control chamber connected to a valve body. The
valve body defines a flow passageway passing through an
opening. A plug 1s associated with the actuator such that
movement of the actuator from a retracted position towards an
extended position displaces the plug towards the opening.
The valve also includes a guide-and-seat insert which pro-
vides a valve seat interconnected with an attachment collar
via a number of plug guides. When the plug 1s displaced by
the actuator, the plug slides 1n contact with at least two of the
plug guides. When the actuator moves to its extended posi-
tion, the plug closes against the closure surface of the valve
seat so as to block the passage of fluid from an inlet to an
outlet of the valve.

4 Claims, 4 Drawing Sheets
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1

CONTROL VALVE WITH INTEGRATED
INSERT PROVIDING VALVE SEAT AND PLUG
GUIDES

FIELD AND BACKGROUND OF THE
INVENTION

The present invention relates to control valves for control-
ling flow of fluids and, i particular, 1t concerns a control
valve 1n which a valve seat and a plurality of plug guides are
integrated as parts of a guide-and-seat 1nsert.

Fluid flow control valves are often implemented with a
valve seat which 1s manufactured separately from the main
valve body and subsequently attached to the body. This allows
the valve seat to be manufactured from material which has a
higher resistance to abrasion than the main body of the valve,
and also allows for replacement of the valve seat 1n case 1t
becomes worn during use.

In certain valves, access to the valve seat itself may be
awkward. In such cases, attachment or replacement of the
valve seat may be problematic.

Particularly, although not exclusively, 1n large valves used
with high-volume liquid tlow, the forces exerted on the valve
plug by drag of liquid tlowing through the valve cause rapid
wear on arrangements of linear bearings used to support the
plug along its range of motion. In most cases, the plug 1s
supported by one or two linear bearings deployed coaxially
along an axis of symmetry of the plug. Such support struc-
tures are mechanically far from 1deal.

There 1s therefore a need for a control valve structure which
would allow 1nstallation or replacement of a valve seat with-
out requiring direct manual access to the valve seat 1tself and
which would provide enhanced mechanical support for the

valve plug, without complicating the structure or mainte-
nance of the control valve.

SUMMARY OF THE INVENTION

The present invention 1s a control valve 1n which a valve
seat and a plurality of plug guides are integrated as parts of a
guide-and-seat nsert.

According to the teachings of the present invention there 1s
provided, a control valve for regulating flow of flmids com-
prising: (a) a body having an inlet, an outlet and a passageway
through which the fluid passes from the inlet to the outlet, the
passageway passing through an opeming; (b) an actuator
located 1n a control chamber connected to the body and con-
figured to move along an axis through a range of motion from
a retracted position to an extended position; (¢) a plug asso-
ciated with the actuator such that movement of the actuator
from the retracted position towards the extended position
displaces the plug towards the opening; and (d) a guide-and-
seat insert including: (1) a valve seat configured to seal against
the opening and to provide a closure surface against which the
plug closes, (11) a plurality of plug guides integrally formed
with the valve seat and extending from the seat towards the
control chamber, and (111) a collar attached to or integrally
tormed with the plurality of plug guides and configured for
clamping against an internal surface of the control valve so as
to clamp the valve seat against the opening, such that, when
the plug 1s displaced by the actuator, the plug moves in sliding,
engagement with at least two of the plug guides, and such
that, when the actuator moves to the extended position, the
plug closes against the closure surface of the valve seat so as
to block the passage of fluid from the inlet to the outlet.

According to a further feature of the present invention, the
collar 1s integrally formed with the plurality of plug guides.
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According to a turther feature of the present invention, the
body and the control chamber intersect at a neck portion, and
wherein the collar clamps against an internal surface of the
neck portion.

According to a further feature of the present invention, the
neck portion features a circumierential groove, and wherein
the collar 1s provided with a circumierential locking element
circumscribing a majority of the collar and a tightening
arrangement, the tightening arrangement being configured
for displacing the circumierential locking element outwards
into the groove so as to clamp the collar against the internal
surface of the neck portion.

According to a turther feature of the present invention, the
tightening arrangement includes a plurality of bolts deployed
within substantially radial threaded bores spaced around the
collar.

According to a further feature of the present invention, the
circumierential groove includes an inclined clamping surface
deployed such that outward displacement of the locking ele-
ment against the inclined damping surface displaces the
guide-and-seat insert towards the opening so as to clamp the
seat against the opening.

According to a turther feature of the present invention, the
plug includes a replaceable peripheral strip for contacting the
plug guides.

According to a further feature of the present invention, the
plug includes a replaceable peripheral strip for contacting the
plug guides, and wherein the replaceable peripheral strip 1s
formed from a maternial having a lower wear-resistance than
the second maternal.

According to a further feature of the present invention, the
plug has a central axis parallel to a direction of movement of
the actuator, and wherein a direction from a center of the
opening towards a center of the outlet defines a primary flow
vector, all of the plurality of plug guides being angularly
spaced from the primary flow vector by at least 20 degrees.

According to a further feature of the present invention, two
of the plurality of plug guides are located symmetrically at a
given angular spacing on each side of the primary flow vector.

According to a further feature of the present invention, the
given angular spacing i1s between about 40 and about 50
degrees.

According to a further feature of the present invention, the
plurality of plug guides are deployed such that, both under
torward flow conditions from the inlet to the outlet and under
reverse flow conditions from the outlet to the inlet, drag forces
acting on the plug are opposed by three-point support of the
plug wherein two of the three points are provided by two of
the plug guides.

According to a further feature of the present invention, the
actuator 1ncludes a flexible diaphragm deployed so as to
subdivide an internal volume of the control chamber.

According to a further feature of the present ivention,
there 1s also provided a supplementary actuator located out-
side the control chamber and mechanically linked to the plug.

According to a further feature of the present mvention,
there 1s also provided a linear bearing deployed between the
plug and the actuator such that, when the actuator moves
towards the withdrawn position, the plug 1s free to move
between an open position in which fluid flows from the nlet
to the outlet and a closed position 1n which the plug closes
against the closure surface of the valve seat so as to block the
passage of tluid from the outlet to the inlet, thereby operating
as a check valve.
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BRIEF DESCRIPTION OF THE DRAWINGS

The mvention 1s herein described, by way of example only,
with reference to the accompanying drawings, wherein:

FIGS. 1A and 1B are cut-away 1sometric views showing a
control valve, constructed and operative according to the
teachings of the present invention, including a gmde-and-seat
insert, the control valve being shown 1n an open state and a
closed state, respectively;

FIG. 2 1s an 1sometric view of the guide-and-seat insert
from the control valve of FIGS. 1A and 1B;

FIG. 3 1s an enlarged view of a region of FIG. 1A desig-
nated III, 1llustrating a preferred form of attachment of the
guide-and-seat msert to a body of the control valve;

FIG. 4 1s a schematic plan view 1llustrating a geometrical
relationship between a primary tlow vector through the con-
trol valve and deployment of plug guides of the guide-and-
seat 1nsert 1n the control valve of FIGS. 1A and 1B;

FIGS. 5A and 5B are cut-away 1sometric views showing a
first variant of the control valve of FIGS. 1A and 1B including
a supplementary actuator, the control valve being shown 1n
closed and open states, respectively; and

FIGS. 6 A-6C are cut-away 1sometric views showing a sec-
ond variant of the control valve of FIGS. 1A and 1B including
a linear bearing to provide additional check-valve function-
ality, the control valve being shown in closed, open and
check-closed states, respectively.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
M

ERRED

The present invention 1s a control valve 1n which a valve
seat and a plurality of plug guides are integrated as parts of a
guide-and-seat msert.

The principles and operation of control valves according to
the present invention may be better understood with reference
to the drawings and the accompanying description.

Referring now to the drawings, FIGS. 1A and 1B show a
control valve, generally designated 10, for regulating flow of
fluids. Generally speaking, control valve 10 has a body 12
with an inlet 14, an outlet 16 and a passageway through which
the fluid passes from the inlet to the outlet passing through an
opening 18. An actuator 20 1s located 1n a control chamber 22
connected to body 12 and configured to move along an axis
through a range of motion from a retracted position (FIG. 1A)
to an extended position (FIG. 1B). Control valve 10 also
includes a plug 24 associated with actuator 20 such that
movement of actuator 20 from 1ts retracted position towards
its extended position displaces plug 24 towards opening 18. It
1s a particular feature of the present mvention that control
valve 10 also features a guide-and-seat insert 26. As better
seen 1n FI1G. 2, guide-and-seat insert 26 includes a valve seat
28 configured to seal against opening 18 and to provide a
closure surface against which plug 24 closes, a plurality of
plug guides 30, integrally formed with valve seat 28, extend-
ing from seat 28 towards control chamber 22, and a collar 32,
attached to or integrally formed with plug guides 30, config-
ured for clamping against an internal surface of control valve
10 so as to clamp valve seat 28 against opening 18. The
control valve 1s configured such that, when plug 24 is dis-
placed by actuator 20, plug 24 moves 1n sliding engagement
with at least two of plug gmides 30, and such that, when
actuator 20 moves to its extended position, plug 24 closes
against the closure surface of valve seat 28 so as to block the
passage of fluid from 1nlet 14 to outlet 16.

At this stage, 1t will be clear that the control valve of the
present invention provides a particularly simple and elegant
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4

solution both for facilitating attachment or replacement of the
valve seat and for providing effective support for the plug.
Specifically, since attachment of guide-and-seat msert 26 1s
performed by clamping of collar 32, the location of a tight-
ening arrangement for clamping the 1nsert 1 place 1s much
more accessible than in most replaceable valve seats. At the
same time, the plug guides provide well placed support for
plug 24 against lateral drag forces, preferably ensuring stable
three-point Support of the plug. These and other advantages
of the present invention will become clearer from the follow-
ing detailed description.

Turming now to the features of the present invention in
more detail, collar 32 is preferably integrally formed with
plug guides 30 so that the entirety of guide-and-seat insert 26
1s essentially formed as a single unit. Collar 32 most prefer-
ably clamps to a relatively narrow neck portion of control
valve 10 formed at the intersection of body 12 and control
chamber 22. The inner diameter of collar 32 is sufficient to
allow msertion of plug 24, thereby facilitating simple assem-
bly and disassembly of the control valve.

A preferred form of attachment of collar 32 to the neck
portion 1s best seen 1 FIG. 3. Specifically, the neck portion
preferably features a circumierential groove 34. Collar 32 1s
preferably provided with a circumierential locking element
36 (also shown partially in FIG. 2), circumscribing a majority
of the collar, and a tighteming arrangement configured for
displacing circumierential locking element 36 outwards into
groove 34 so as to clamp collar 32 against the internal surface
of the neck portion. In the particularly preferred implemen-
tation shown here, the tightening arrangement includes a
plurality of bolts 38 deployed within substantially radial
threaded bores spaced around collar 32. Circumierential
groove 34 preferably includes an inclined clamping surface
40 deployed such that outward displacement of locking ele-
ment 36 against mclined clamping surface 40 displaces
guide-and-seat isert 26 towards opening 18 so as to clamp
seat 28 against the opening.

Guide-and-seat insert 26 1s preferably formed from a mate-
rial having a higher wear-resistance than the material of body
12. For large-scale implementations, body 12 1s typically
formed from enameled or epoxy-coated cast iron while
guide-and-seat insert 26 1s advantageously formed from
wear-resistant stainless steal. For smaller scale plastic valves,
insert 26 may be implemented from 1injection-molded plastics
with abrasion-resistant additives.

Referring back to FIGS. 1A and 1B, plug 24 1s preferably
provided with a replaceable peripheral strip 42 which serves
as a bearing surface in sliding contact with plug guides 30.
Peripheral strip 42 1s preferably formed from a material hav-
ing a lower wear-resistance than that of guide-and-seat insert
26, thereby localizing frictional wear 1n a simple-to-replace
and low-cost component. Plug 24 also preferably features an
clastomeric seal 44 deployed 1n facing relation to the sealing
surface of valve seat 28 to seal against the valve seat.

It 1s a particularly preferred feature of certain implemen-
tations of the present invention that plug 24 1s supported so
that drag forces acting on the plug from fluid flow through the
valve are opposed by three-point support of the plug. One of
these support points 1s provided by an upper linear bearing 46
which slidingly supports a valve stem 47 linked to plug 24.
The remaining two of the three support points are preferably
provided by two of plug guides 30. To this end, plug guides 30
are preferably angularly spaced symmetrically on either side
of a primary tlow vector. In cases ol a bi-directional flow
valve, 1.e., where the valve 1s used both under forward flow
conditions from the inlet to the outlet and under reverse tlow
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conditions from the outlet to the 1nlet, the three-point support
conditions are preferably maintained for both flow directions.

In more technical terms, the relevant geometrical relations
may be defined 1n the context of the present embodiment
relative to a “primary tlow vector” 48 (FI1G. 4) defined as a
direction from a center of opening 18 towards a center of
outlet 16. Plug guides 30 are preferably all angularly spaced
from the primary tlow vector about the center of opening 18
by at least 20 degrees. In order to provide symmetrical sup-
port, the two of plug guides 30 closest to the primary flow
vector are preferably located symmetrically ata given angular
spacing on each side of the tlow vector, preferably in the range
ol between about 40 and about 50 degrees, and typically at45
degrees on each side of the primary flow vector. For a bi-
directional flow valve, similar conditions preferably apply to
the reverse flow direction, for example defined by a vector
from the center of opening 18 to a center of mlet 14.

Parenthetically, 1t will be noted that the terms “support
point” or “contact point” as used herein 1n relation to the
support of plug 24 relate to localized physical contact regions,
independent of the exact size and shape of the region where
contact occurs. In the present example, the support points
between plug 24 and plug guides 30 are theoretically rect-
angles of overlap between the inward-facing surfaces of plug
guides 30 and peripheral strip 42. In practice, as with any real
mechanical system, forces are typically concentrated on a
much smaller area.

Turning now to other features of control valve 10, it should
be noted that actuator 20 may be any type of actuator. Par-
ticularly preferred examples are hydraulic actuators, includ-
ing but not limited to diaphragm actuators and piston actua-
tors. In the particularly preferred implementation illustrated
here, actuator 20 1s a diaphragm actuator including a flexible
diaphragm 50 deployed so as to subdivide an 1internal volume
of control chamber 22. Parenthetically, 1t should be noted that
the retracted and extended positions of actuator 20 are defined
by the range of motion of actuator 20 1n use as part of the
structure of control valve 10, and do not necessarily corre-
spond to the full range of motion which could be achieved by
the structure of actuator 20 alone.

Amongst other advantages of the preferred implementa-
tion 1llustrated, 1t will be noted that control valve 10 as shown
1s particularly simple to assemble and disassemble, such as
for maintenance. Specifically, control chamber 22 1s formed
with a removable cover 52 which 1s secured by a number of
bolts which also secure flexible diaphragm 350 and hence plug
24. Thus, after removing the bolts of cover 52 and lifting off
cover 352, the plug/diaphragm combination may be lifted out
of the valve. Loosening of bolts 38 then frees guide-and-seat
isert 26 which can be lifted out, leaving only body 12. The
entire control valve thus disassembles rapidly 1nto four pri-
mary components, allowing easy access and rapid mainte-
nance. The assembly procedure 1s performed similarly in
reverse.

Turning now briefly to the remaining drawings, FIGS. SA
and 5B shown a control valve, generally designated 60, con-
structed and operative according to the teachings of the
present invention. Generally speaking, control valve 60 1s
similar to control valve 10 described above, equivalent ele-
ments being labeled similarly. Control valve 60 differs from
control valve 10 1n the addition of a supplementary actuator
62 located outside control chamber 22 and mechanically
linked to plug 24. In the non-limiting preferred example 1llus-
trated here, supplementary actuator 62 1s a hydraulically pow-
ered piston actuator. Supplementary actuator 62 may be
employed to supplement actuation forces generated by actua-
tor 20, or as a separate override actuator such as an emergency
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6

shut-down controller, as 1s known 1n the art. In all other
respects, the structure and operation of control valve 60 will
be understood by analogy to the description of control valve
10 above.

Turming finally to FIGS. 6A-6C, these show a control
valve, generally designated 70, constructed and operative
according to the teachings of the present invention. Generally
speaking, control valve 70 i1s similar to control valve 10
described above, equivalent elements being labeled similarly.
Control valve 70 differs from control valve 10 1n the provision
of a linear bearing 72 deployed between plug 24 and actuator
20 such that, when actuator 20 moves towards the withdrawn
position (FIGS. 6B and 6C), plug 24 1s free to move between
an open position (FI1G. 6B) in which fluid flows from inlet 14
to outlet 16 and a closed position (FIG. 6C) in which plug 24
closes against the closure surface of valve seat 28 so as to
block the passage of fluid from outlet 16 to mlet 14, thereby
operating as a check valve. When actuator 20 moves towards
its extended position (FI1G. 6 A), 1t forces plug 24 to 1ts closed
position in a manner similar to FIG. 1B described above. In all
other respects, the structure and operation of control valve 70
will be understood by analogy to the description of control
valve 10 above.

It will be appreciated that the above descriptions are
intended only to serve as examples, and that many other
embodiments are possible within the scope of the present
invention as defined 1n the appended claims.

What 1s claimed 1s:

1. A control valve for regulating flow of fluids comprising;:

(a) a body having an inlet, an outlet and a passageway
through which the fluid passes from said inlet to said
outlet, said passageway passing through an opening;

(b) an actuator located in a control chamber connected to
said body and configured to move along an axis through
a range ol motion from a retracted position to an
extended position;

(¢) aplug associated with said actuator such that movement
of said actuator from said retracted position towards said
extended position displaces said plug towards said open-
ing; and

(d) a guide-and-seat insert including:

(1) a valve seat configured to seal against said opening,
and to provide a closure surface against which said
plug closes,

(11) a plurality of plug guides integrally formed with said
valve seat and extending from said seat towards said
control chamber, and

(111) a collar attached to or integrally formed with said
plurality of plug guides and configured for clamping
against an internal surface of said control valve so as
to clamp said valve seat against said opening,

such that, when said plug 1s displaced by said actuator, said
plug moves 1n sliding engagement with at least two of
said plug guides, and such that, when said actuator
moves to said extended position, said plug closes against
said closure surface of said valve seat so as to block the
passage of fluid from said inlet to said outlet,

and wherein said body and said control chamber intersect
at a neck portion, and wherein said collar 1s provided
with a radially-expanding clamping arrangement for
clamping said guide-and-seat insert against an internal
surface of said neck portion.

2. The control valve of claim 1, wherein said neck portion
features a circumierential groove, and wherein said clamping
arrangement 1ncludes a circumierential locking element cir-
cumscribing a majority of said collar and a tightening
arrangement, said tightening arrangement being configured
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tor displacing said circumierential locking element outwards such that outward displacement of said locking element
into said groove so as to clamp said collar against said internal against said inclined clamping surface displaces said guide-
surface of said neck portion. and-seat 1mnsert towards said opening so as to clamp said seat
3. The control valve of claim 2, wherein said tightening, against said opening.

arrangement includes a plurality of bolts deployed within 5
substantially radial threaded bores spaced around said collar.
4. The control valve of claim 2, wherein said circumfteren-
tial groove includes an 1inclined clamping surface deployed I I
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